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INTRODUCTION

The City of Tucson and the adjacent urban, industrial, and farming
areas are comﬁletely dependent for theix water supply on a groundwater
reservoir, With continued growth in population and consequent increased
pumping of water causing rapid decreases in water levels, an intensive study
of the groundwater system is imperative, A groundwater investigation of
this area was initiated in 1905 (1)* and has been continuous since that
time, The scope of the project was expanded and intensified in 1946 through
a cooperative agreemeﬁt for financing with Pima County and the City of

Tucson and further expanded in 1961 to include a program of special tests

,

I
and measurements for determination of the hydraulic characteristics of the

groundwater aquifer., The Key Map, frontispiece, shows the drainage area
and location of the Santa Cruz River Basin, ‘

The results of groundwater studies up to the Spring of 1961 have
been previously published in Agricultural Experiment Station Bulletin 288,
Water infthe Santa Cruz Valley, (2) and Report 205, (3) a progress report
Supplemgnting Bulletin 288, 1In those publications results of studies cover-
_ing thé;period of the previous 55 years were given,

The purpose of this report is to sgmmarize the results of studies
which have been conducted since the publication in 1961 of Report 205, As
a further supplement to Bulletin 288, no attempt is made to report or

enlarge on those sections dealing with the physiography and general hydrol~

ogy of the groundwater basin,.

“Numbers in parenthesis refer to REFERENCES. N



Because it is impractical to publisb annually the results of the
investigations, they are presented in this report in the form of a 4-year
summary with water level records, groundwater contour maps and water level
change ﬁaps.

All well and water level information is on open file and available

for reference by the public, Logs of several thousand wells are included in

B
i

the Department files, %

WATER LEVEL MEASUREMENTIS

e

Depths to water are measured annually in over 1,300 wells in the
Santa Cruz Valley to determine the changes in water level which have taken
place during thé previous year. To be consistent from year to year the
individual well measurements are made on approximately the same date each

year, Winter or spring measurements are considered most suitable since they
rd

-

show the position of the water table afiter a period of reducing pumping draft
when area-wide drawdown as a result of pumping is at a minimum,

The water level measurements for a large number of wells in the Santa
Cruz Valley are listed in t;bles in Bulletin 288 and Report 205. From the
total number of wells, about 500 wells which are considered typical and
representative of the areaslin which they are located have been selected
for inclusion in Table III, Appendix A. Where many water level records are
available, wells were selected on the basis of about one well per square

mile, Where possible the following information relative to each well has




ft

been included in the table: (1) location of well by section, township and
range; (2) depth of well in feet; (3) elevation above sea level of measur-
ing point=--usually at approximate ground surface; (&) depth to water and

first year water level measurement was made; (5) depths to water in 1940,

1950, 1956, 1961, and 1965,

WELL NUMBERING SYSTEM
The wells are listed under théir respective townships and ranges in
the numerical order of the section in which they are located., The location
of wells within the sections is indicated by letter and number to the nearest

10-acre subdivision as shown in Figure 1 according to the system used by the
. . v

Arizona State Land Department and the U.S. Geological Survey.

The land survey in Arizona is based on the Gila and Salt River
Meridian and Base line, which divide the state into foq; quadrants desig-
nated counterclockwise by capital letters A, B, G, D (Figure 1). The
first number of a well indicates the township, the second the range, and
the thiéd the section in which the well is located, The lower case letters

i

a, b, & d, assigned in a counterclockwise direction indicate the location

i3
@

i
e

within the section, The fixrst letter indicates a particular 160-acre tract,
the second the 4b—acre tract; and the third the 1l0-acre tract. In the

example shown well no., (D~3-5) 17 dda places the well in the NE 1/4 SE 1/4
SE 1/4 of section 17, Township 3 South, Range 5 East. Where more than one
well is located within a 10-acre tract consecutive numbers beginning with 1

are added as suffixes.
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GROUNDWATER CONTOURS AND WATER LEVEL CHANGES

Groundwater contour maps have been drawn from the information obtained
by water level measurements made in the Spring of 1965, The map shown in
Plate I, Appendix B, covers that portion of the Santa Cruz Basiﬁ for which
nformation is available between Rillito Station and the Pima--Santa Cruz

nty line. The map for the Santa Cruz County portion of the basin is given
Plate IV, Appendix B,

The groundwater contours define the surface of the water table, and
wwement of water is presumed to be in the direction of the steepest slope,
ight angles to the contours. The sources of the groundwater and the

ral direction of water movement throué% the basin are thus indica?ed by

contours.

The general character of the groundwater contour maps has changed

N
g

little since the first maps were prepared in 1947, ngeﬁer, changing
evels cause a shift in the location of contours. In areas of marked
g th% slope or gradient of the water table has increased, and changes
ontours show increased f%ow into these areas,

stamates of depths to water may be made by subtracting the elevation

«

ter table at any point from the ground surface elevation at that
Elevations between contours must be obtained by interpolation,

tours as shown have been traced from U.S. Geological Survey



The changéé in groundwater levels for the periods 1961-1965 and 1947~
1965 are shown by lines of equal lowering on the water level change maps in
Appendix B, The maps for the part of the basin in Pima County are on Plates
IT and III, ana those for Santa Cruz County on Plates V and VI,

The groundwater basin has been somewhat arbitrarily divided into
districts and sub-areas on the basis of aquifer characteristics and patterns

of water use for the purpose of describing conditions in Individual areas

;,f

within the basin, For assistance to the reader in studying thé discussion
which follows, reference should be made to the Key Map, ffontiépiece, which
shows the districts and sub-areas, and Plates I-111, Appendix B, for areas in
Pima County, and to the Key Map and Plates IV~VI, Appendix B, for those in

3
Santa Cruz County.

CORTARO - CANADA DEL ORO DISTRICT
This district consists of that part of the groundwater basin lying
north of Rillito Creek between the Santa Catalina Mountains on the east and
the Tucson Mountains on the west, and south and east of the Tortolita
Mountains. Hydrographs of wells representative of this district are shown

in Figure 2,

Cortaro Bottomland Area

This area occupies the bottomland along the Santa Cruz River from
the junction of Rillito Creek to the north end of the Tucson Mountains at

Rillito-Station. Since 1921 about 21,000 acre-feet have been pumped annually

6=
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with most of the water conveyed by canal to the Marana area for irrigation.
Since 1955 lands within the area have been jrrigated in part with treated
effluent from the City of Tucson sewage disposal plant. Sewage effluent haé
increased from about 17,000 AF in 1961 to over 20,000 AF in 1964 (4). The
average for the &4-year period has been 18,700 AF pex year Qf which about
2600 acre-feet has been used for irrigation on the City Farm and a small
amount at the plant site. The remaining 16,100 acre-feet per ¥Far has been
available for irrigation in the Cortaro area, although part oéﬁit has been
discharged into the Santa Cruz River channel when it could not be fused for
irrigation,

Groundwater recharge in this area is from infiltration of flood flows
in the Santa C;uz River and the deep percolation losses from sewage effluent
used for irrigation or diverted into the river channel, Continuous under-
dr;inage from the valley slopes also provides some recharge to the trough of
the valley.

In the 4-year period 1961-1965 a rise in the water table has occurred
in most of this area resulting from slightly decreased pumping and higher

than average flood and sewage flows. Lowering of from 10 to 15 feet has

occurred in the 18-year period 1947-1965.

Canada del Oro-Area

This area occupies the valley slopes between the Cortaro bottomland

and the Tortolita Mountains on the north and the Santa Catalina Mountains on




on

the east. The principal source of recharge in the area is infiltration from
flood flow in the Canada del Oro channel,

Water level records are available for the past 26 years d;ring which
depths to water have shown a consistent and continuous downward trend. The
lowering in the past four years has been at the rate of about 2 feet per year
in the eastern portion of the area. The lowering has been from 1 to 2 feet
per year in the Canada del Oro drainage below the Oracle Road crossing.

In the 18~year period, 1947-1965, water levels have fallen as much as
35 feet with an average of from 1 to 2 feet annually.

Water pumped in this area is mainly for irrigation and recreation (2
golf courses and a man-made lake), but domestic use is increasing rapidly
with the population, A dam which has been built on the Canada del bro
channel will have some effect on water levels by removing part of the

.
%

natural recharge.

TUCSON DISTRICT
The broad central part of the Santa Cruz Valley in the center of
which Tycson is located has been designated as the Tucson District. It
]
extend;?from the Tucson Mountains on the west to the Rincon Mountains on the
east and from the Santa Catalina Mountains on the north as far south as
Sahuarita Butte. It also includes a portion of the valley slopes southeast

of the city. Within this district population growth has been most rapid

with a corresponding increase in pumping draft for domestic water supplies



taking place. Hydrographs of representative wells in this district are given

in Figure 3.

Tucson Mountains Foothills Area

This is the area north of "A" Mountain between Silverbell Road and the
east slopes of the Tucson Mountains, Water supplies for suburban development

are principally from individually owned small domestic water company or City

.
b
11

of Tucson wells of limited capacity. %dditional water is sué&lied to the
area from the municipgl system, Some problems have arisen @here water levels
have dropped below the top of the relatively impervious buried pediment or
older formations,

Water "levels in most of this area show little change in the 4-year
period, 1961-1965, but losses of up to 5 feet have occurred at the south end.
IP the 18~year period, 1947-1965, losses range from about 10 feet at the north
end to over 50 feet at the south end of the area, These losses are not
caused so much by increased water use in the area but, rather, by increased

underflow into the adjacent lower areas.

Javnes - Flowing Wells Area

This area lies northwest of the City of Tucson between the Santa Cruz
River and Rillito Creek in a section where most pumping was originally for
irrigation use., Pumping for irrigation has become negligible, and with
urban development of the area the pumping of groundwater has been reduced,

Lowering of up to 10 feet has taken place in the 4~year period, 1961-1965,

-10-
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-

with the least lowering at the northeast corner and the greater lowering in
the southeast portion of the area. In the period from 1947-1965 lowering was

from 25 to 50 feet, similarly distributed.

Catalina Foothills and Tanque Verde Area

This area includes most of the Catalina Foothills north of Rillito

Creek and the lands along Tanque Verde Wash in Range 16 East. Wells of

kY
ir
I}

limited capacity or dry holes may be expected in the CatalinégFoothills area

which is almost entirely underlain by the comparatively impggvious Pantano
formation. (2) Water levels in wells in the Tanque Verde part of the area
tend to fluctuate with the demand and recharge from stream flow, some
responding m&ch more rapidly than others to the changes.
In the 4-yea£ period, 1961-1965, portions along Tanque Verde and

Agua Caliente Washes showed a rise in water level as did the section near

.// .
the rise in the Rillito Creek Area, Other wells showed losses of up to 45
feet. A large part of the area shows no change in water level for the 18~year

' ﬁeriod, 1947-1965. Underdrainage to adjacent areas has caused lowering of

about 10 feet in some portions of this area.

Rincon Foothills and Rincon Creek Area

This area includes Rincon Creek and the foothill slopes extending
westward from Tanque Verde Ridge to the boundary of the Inner Basin Area,
In the foothill portion of the area pumping has been limited and lowering

”

has been caused principally by undexdrainage.

~12-



In the 4-~year period, 1961-1965, there has been little change near the

[1:
was 1itains but farther out in the valley losses up to 10 feet have occurred.
ng the period from 1947-1965 lowering of up to 30 feet has taken place.
The water levels in Rincon Creek valley tend to fluctuate with flow
e. creek channel. No net change occurred in this valley during the period,
-1965, and a net gain is shown for the 18-year period, 1947 to 1965,
rea p:breek Area
© .This area consists of the bottomlands of Rillito Creek east of First
@ and the lower reaches of Sabino Canyon and Tanque Verde Wash together
djacent lands to the south, 1In Epis area the stream channels of
.Creek and its tributaries constitute the most effective naéural
ge.érea in the entire Tucson District, Wide fluctuations in water
r ccur, with lowering during dry periods and rapid recovery during
45 ith flow in the channels, Losses of 5 to 10 feet were common in the

.8-yeal rtion of the area during the 4-year period, 1961-1965, but in the

of f Swan Road a rise of 25 feet was noted. The eastern portion also

se of up to 5 feet‘during thisz period.

ﬁhe 18-year period, 1947-1965, a rise of 10 feet is evident for
ﬁgar Swan Road, but lowering of up to 40 feet occurred in the
n and in the adjacent lands to the south of the river channel.
losses are caused by increased pumpage in the area and part by

erflow to the Inner Basin Area.

~13- -



Inner Basin Area

The City of Tucson and scme of the adjacent metropolitan area overlie
an inner groundwater basin within the larger Santa Cruz Valley basin. The
eastgrn and southern boundaries of the inner basin are marked by a region of
more closely spaced groundwater level contours (See Plate I). The northern
and western boundaries are formed by the Santa Cruz River and Rillito Creek
bottomlands. Pumping within this area is mainly for municipalgﬁnd industrial
use with the major part of the pumping f;r the City of Tucson coming from this

. ; .
area,

Water table lowering of from 10 to 25 feet has occurred in the period,
1961-1965, wit? the maximum lowering in the vicinity of 22nd street and
Wilmot Road, Lowering of 40 to 70 feet has taken place during the 18-year
period, 1947-1965, at an average rate of 2 to 4 feet per year.

+

g

Fd

Santa Cruz Bottomland Area

This area occupies the bottomland of the Santa Cruz River and immedi-
ately adjacent lands between '"A' Mountain and Sahuarita Butte. Water in
this area is used for irrigation, and, in addition, the City of Tucson
Southside Well -Farm is located in the center of the area, just east of the
river,

During the 4-year period, 1961-1965, water levels dropped from 5 to
10 feet with maximum lowering at the south end of the area. Lowering of

from 20 to 40 feet has taken place in the 18-year period, 1947-1965,

-14-




- Development of this area has

limited with consequently small water demand , Industrial‘wells along

stern boundaries. Lowering of 5 to 10 feet has occurred in the period

947 to 1965,
A

SAHUARITA DISTRICT

uz County line, Hydrographs of weils representative of this district

?rga is comprised of the farming landg along the Santa Cruz

"Sahuarita Butte and the north end of the Canoa Land Grant,

out 7000 acres in 1964, Pumping in this area by the City of
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the entire area during the 1961-1965 period, Locally losses of up to 30 or 35

feet have occurred, During the 18-year period, 1947-1965, losses of over 30
feet in groundwater levels were general in the area with local losses up to
70 feet, )

Subsidence or sinking of the surface of the ground has been noted
around several wells in the Sahuarita Area (See Figure 5). The protrusion
of well casings above the level at which they were.originally set suggests
that the compaction causing subsidence is distributed throughout the zone
penetrated by the well.

The causes of subsidence are not completely known, but in an area of
interfingering sand or gravel aquifers and clay aquicludes, such as exist in

the Santa Cruz Valley, compaction of the clay material following water with-

drawal is a probable cause.

-

Sierrita Foothill Area

This area is located on the alluvial valley slopes between the Santa
Cruz botgomlaﬂd and the east side of the Sierrita Mountains., Much of the

upper patrt of the area is underlain by the buried rock pediment extending out

i
b

from the base of the mountains. Water levels in this upper pa;t of the area
are either controlled by the depth to the pediment or by the character of

the rock formations and have not been affected by pumping in the valley. Th
remainder of the area with a width of about 3 miles along the bottomland on

the west side overlies the deep alluvial filled portion of the valley. The

-17- -
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‘water table here responds to the changes in pumping draft and recharge from

i

he Santa Cruz River the same as in the Sahuarita Area, but to a more limited

xtent.

In the 4~year period, 1961-1965, minor losses have occurred over the

tire area with maximums of about 10 feet along the east side. This loss

caused principally by underdrainage into the Sahuarita area. Heavy pump-

“along Pima Mine Road has resulted in lowering of 35 feet. During the

iod from 1947-1965 losses of 15 to 60 feet have taken place, again with

‘greater loss along the east side adjoining the Sahuarita Area.

ng Range Area

./A‘

This area lies east of the Sahuarita Area on the valiey slopés extend -

ut from the Santa Rita Mountains., Few wells are located in this area,

umping demand is limited., Losses in water level im, this area are

rincipally by underflow to the north and to the adjacent Sahuarita

osses of up to 5 feet occurred in the 4-year period, 1961~1965, and

feet in the 18-year period, 1947-1965. The rapid lowering of water

the Sahuarita Area will continue to affect the Bombing Range Area.

ntal -~ Canoa Area

§ area includes the Canoca Land Grant and the bottomlands extending

south to the Pima-Santa Cruz County line. Pumping draft is

gricultural use, and there has been no major change in the irri-~

e of about 5000 acres in the past few years. Losses in the area

-19- .
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during the 1961-1965'period ranged from no change at the county line to 15
feet at the lower end near Continental. From 1947-1965 losses of 10 feet
occurred at the upper end with losses of 70 feet at the lower end adjoining

the Sahuarita Area.

SANTA CRUZ COUNTY DISTRICT

This district is comprised of the narrow bottomlands along the Santa

LY

Cruz River from the Pima County line to the Mexican boundary.§ Also included
are similar lands on the tributaries, Nogales Wash and Sopori Creek. Hydro-

graphs of representative wells in this district are given in Figure 6.

Amado - Tubac Area
:‘&

This ar;a is between the Pima County line and Tumacacori Mission, with
the lower part of the Sopori Creek bottomland also included, Little change in
pumping draft has occurred alﬁpg the Santa Cruz River during the period 1961~
1965 and most of the area showed a slight gain in water levels for this
period with only the extreme lower end registering a loss of 5 feet. Along
Sopori Creek losses of up to 10 feet took place in a small area while one
mile upstream there was a gain of 10 feet in water level, The loss at the
lower end is attributed to increased pumpage for irrigation,

During the 18-year period, 1947-1965, losses of 5 to 10 feet occurred
along the Santa-Cruz River With losses from 10 to 25 feet in Sopori Creek.
The losses are partly caused by the increased underdrainage downstream, but

’
along Sopori Creek most of the loss resulted from increased irrigation use,
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Tumacacori - Calabasas Area

From Tumacacori Mission this area extends south along the Santa Cruz
River to the mouth of Nogales Wash. The groundwater basin is shallow and of
limited capacity, but is composed of uniform coarse materials with high
permeability, particularly in the Calabasas area, Because of the limited
storage capacity and rapid underdrainage downstream, wide fluctuations in the

water levels occur in this portion of the area. The basin atxCalabasas

¥

frequently fills to the level of the streambed following prolonged runoff in
£
the channel,

During the 4-year period, 1961-1965, water levels have shown a loss of
5 feet in the middle of the area but a gain of 10 feet at Calabasas. From

%

1947-1965 the lower end of the area shows a loss of up to 5 feet while a 30
foot rise occurred at Calabasas, This change is attributed to the fluctuat-
iég nature of the water table ,and the abnormally low level of the 1947

4

measurement,

Nogales Wash - Quebabi Area

The narrow, shallow alluvial £ill along the Santa Cruz River from
near Calabasas to the International Boundary is called the Quebabi area,
A similar area occurs along Nogales Wash between Calabasas and the City of
Nogales. In general, both of these areas are subject only to minor changes
annually. An exception is the area on the Santa Cruz River near the City of
Nogales pumping plant where fluctuations of more than 20 feet occur between

wet and dry years, Most parts of the area had only minor changes in water
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levels for either the 4~year or 18-year periods although a rise of 18 feet
is shown at the City pumping plant. This apparent rise is caused by the

exceptionally low water level in 1947 and does not represent a permanent

change.

GROUNDWATER USE IN TUCSON AND SABUARITA DISTRICIS
Water use in the Tucson and Sahuarita Districts has been classified
under the following headings: municipal, irrigation, industrial, recreation
(golf courses, etc.), and schools. The use by native vegetation or
phreatophytes in the shallower water areas has also been included in the

total.

—/,

Municipal and drrigation use comprise the major part of the total
pumping draft. Municipal use has been determined from the City of Tucson
pumping records and estimates based on populatiom. Igrigation consumptive
use has been computed from a survey of irrigated crop-acreage on the basis
of the following consumptive use per acre factors: 3.5 acre-feet for cotton,
2,5 acre-feet for grain and sorghum, 4.5 acre-feet for alfalfa, 2.5 acre-
feet for lettuce, and 3.5 atre-feet for pasture and miscellaneous use,

Water use for other purposes has been determined from pump records and
computed or estimated where records were not available.

The annual pumping draft for these classifications of use and average

annual use for the 4-year perjod 1961-1965 are given in Table I. Water use

in the Tucson and Sahuarita Districts continues to increase in all classifi-

. cations except irrigation and loss by phreatophytes. Municipal use decreased
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in 1964 because ;f much greater than average rainfall during the year particu-
larly in the normally high use season., Irrigation is decreasing as more land
is taken out of production for urban development, In 1964 irrigation use was
further decreased by the unusually large rainfall. The use by phreatophytes
has decreased because the falling water table along the Santa Cruz River has

resulted in greatly reduced phreatophytic growth,

Table I, GROUNDWATER USE IN TUCSON AND SAHUARITA DISfﬁICTS

1

Use 1961 1962 1963 - 1964 Average

(A1l figures in acre-feet)

Municipal 51,000 53,000 54,000 52,000 52,500
Irrigation ) 56,000 51,000 51,000 40,000 49,500
Industrial 13,000 16,000 17,000 17,000 15,600
Recreation 2,500 p 2,800 3,400 4,000 3,200
Schools 1,100 { 1,200 1,500 1,600 1,400
Phreatophyteés 3,500 3,200 2,900 2,500 3,100
TOTAL 127,100 127,200 129,800 117,100 125,300

Water use in the Tucson District can be expected to increase during
the coming years as the population increases, Population increases in the
Sahuarita Distri;t will result in decreased irrigation use, but the growing
mining activity will probably use the water saved in converting land from

Es

irrigation to municipal use.
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GROUNDWATER STORAGE LOSS AND RECHARGE IN-
TUCSON AND SAHUARITA DISTRICTS

d A study of the volume of aquifer material which is unwatered by the
'S removal of water at a rate greater than the natural recharge can be used to
; determine the average recharge to the system and the average specific yield
? of the aquifer materials. Specific yield is the volume of water, expressed

as a percent of total volume, removed when a given volume of aquifer material

is drained. If specific yield and the boundaries of a groundwater basin are

known, the total volume of water in storage can be computed, Average recharge
Z: defines the ultimate limit of water withdrawal from the basin without con-
_ tinual lowering of water levels.

/ g
00 The hydrologic equation for a groundwater basin with subsurfice inflow
f equal to subsurface outflow would be:
00 water withdrawn = recharge + storage chﬁnge
+00 W = R + S=xV
+00 Where
Efi W ¥ average annual total of all water pumped from the basin in acre=-
feet
300 :
S average annual recharge in acre-feet
S = specific yield in percent
"V = volume unwatered in acre-feet
If the underflow into the Tucson Basin at the south end of the basin

8

§ assumed to be equal to the underflow out at the northwest corner, this

quation can be used, When neither recharge or specific yield are known,

~25-
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the equation cannot be solwed,

of the unknowns will produce corresponding values of the other.

The volumetric unwatering in the Tucson and Sahuarita Districts has

However, assumptions of the value of either

been computed from Plate IT for the 4-year period, 1961-1965, This unwaterin

represents the depletion in groundwater reservoir storage resulting primarily

from over-pumping within the basin.

Unwatering and water use for the 1961-1965 pericd werg?

Average annual use

Average annual unwatering

?

¥

125,300 acre-feet

462,000 acre-feet

The hydrologic budget equation for this period is then

125,300 = (R) + 462,000 (S)

%
1

In values of specific yield (S) are assumed, corresponding values of

recharge (R) can be computed with the results as shown in Table IT.

'
5

s

Table II. RELATIONSHIP BETWEEN ASSUMED SPECIFIC YIELD AND COMPUTED RECHARGE
FOR 1961-1965 PERIOD IN TUCSON AND SAHUARITA DISTRICTS

Assumed Specific Yield
(s)

Computed Average Annual Recharge

(R)

10 percent
11
12
13
14
15

79,000 acre-feet
74,000
70,000
65,000
60,000
56,000

-26~=
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4 specific yield range of 10 to 15 percent is in agreement with other

studies; but the average annual recharge of 56,000 to 79,000 acre-feet is

i

somewhat higher than previously computed values. (3} However, runoff in
the stream channels was higher than average for the study period, and since

groundwater recharge occurs principally from the infiltration of flood flows

in the stream channels, the range of recharge values seems reasonable,
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Table

III.~-continued
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20

Depth Meas, Depth to water in feet from measuring point {approx, ground surface)
Section in Point First Record _
feet Elev, Year Depth 1940+ 1950 1956 1961 1965
Township 15 South, Range 16 East, cont,
33 cha - 3038 1959 342,1 - - - 342,86 344.2
Township 16 South, Range 13 East
\\.
2 bbb 232 2544 1934 18.7 24.3 32.4 36.4 44,2 50.6
2 bde 180 2570 1934 31,7 34,0 41.8 42,0 49,0 55.5
3 caa 106 2610 1947 80.6 - 83.7 85.7 90.7 96.6
14 aaa - 2613 1947 56.6 - 58.8 . 62,7 74,2 79.2
34 aaa - 2812 1960 221.4 - - - 229.2 268.7
36 ddd 275 2677 1944 62.2 - 63.7 72.3 105.8 115.6
Township 16 South, Range 14 Fast

4 baa 335 2673 1963 128.3 - - - - 131.2
5 cad 160 2655 1950 102.5 - 102.5 104.8 114.8 130.8
6 bbe 126 2588 1946 40,8 - 43,0 ) 46.0 61.0 75.2
7 edd 230 2608 1951 48,4 - - HO5 62.7 75.5
17 bec 360 2542 1955 75.7 - - 76.6 92.6 109.5
18 acd 113 2621 1953 53.7 - - 55.3 70.8 85.7
19 cecd 260 2640 1942 37.7 - 60,5 64,8 90.8 95.0
cce 447 2648 1951 66.9 - Co- 71.3 97.4 106.8
25 cba - 2806 1946 192.3 - 193.1 185.2 197.8 200,2 -
29 dba 190 2682 1947 83.9 - 86.8 99.0 114,1 127,2

SRR R e e e e R

o s s s




0°6ZY 6°0¢Y 9°9Th A - Lzey L%6T Ly1€ 4% qpq 12
T'0ET 17611 = 6" 48 - ¥ 9L 94761 (AN XA 06T Peq €1

AR AAN L7801 0°¢8 - - 7°€E8 1661 60L%2 rAY ope Z1

0°102 G081 - - - 9691 LG6T 2087 Chy BOP 11

G 961 £ EET £°8T1 - - 6"60T £561 £RLT T1¢ 9P 1

) 3seq ¢ 28uey ‘yanos /T dTysumo],

- ?eH1 - - - VALY 1961 6€£57¢ 004 qqe 9¢
0°%0% 7°0%e - - - JBooeg 6561 £9ge 8.8 ege /g
£°£8¢8 17009 17786 0" LLS - 0" 441G 9%61 867¢ €9 epq 12 ; '
964 9°69 - - - € zZ9 6561 ivee 80¢ pop #1
8794¢ £°958S - - - 6°T9¢ 6561 IRNAY - POP 6

35ed g7 °8uey ‘uyino§ g diysumo]

. 1
€299 8°19¢ L7658 17096 . - 0°29¢ L6l 00¢t 029 BBY 9¢ I3
09y - - - - WAL £96T cl0¢E €04 eee Hf !
¢ eLle 9°69¢E 7°89¢ 7799t - 8°0L¢€ 9%61 1662 - 23q 77
6°WLE 9°19¢€ g oGE - - 9°¢5¢ €GeT £567 c0¢ EPP %

aseq ¢ 28uey ‘yineg 91 diysumo] ’
1921 0°%6 8718 £°L9 - (0°€9) L%61 2197 €57 BPD 7€
9°E0T 1°801 8 %L - - 7°0L £S61 €L97 - opq 1t
(0°101) 97601 2 ¢l £°69 - £°¢cg CH6T 9697 - 29D 0¢
*3u0d ‘3sed u1 98uey wauSOm 91 d1ysumo]

€o61 - 19671 94661 0661 0%61 yideg AB9X “ASTH 1997
DICO9Y 38iT4 ut uoIIDag

(°oeyans punolsd ‘Xoiadde) 3urtod IUTINSESBW WOIY 3993 UL Ie93eA 03 Uldsq yadsq

7892 06T vqp 62
240 GT

. . . T1°¢61 - <
27002 8° 16T A o £°99 1661 84997 L7y ®

- T ~rT ! -

3798 - 6°€R LH61T

. . ‘66
ANEA 1411 06 €' 761 9461 90872 -



v ol Lol 8°18 - - 0°19 IW6T 0ilt 0zz deq ¢

I°191 8741 IANAN - - 0°6z1 26T 88.7 8%z peE Q¢
(0°%91) Z°6%1 8° /11 - - (0°607) €561 66.¢ - P90 6g
§°Z6T 8281 §°991 - - 0°161 £S6T 6%8¢ - PPq 87
0211 L' %6 a8 §'6E £°¢cg £°6¢g 0£6T 8E/Z 88¢ PI2 61
0421 T°%0T - - - 048 8561 ALK - ope g7
(0°z11) (ARA4! 1°¢6 - - 6°08 €561 €sie - 2P L1
£°861 £°621 €y 296 - £°8¢ 8461 8T/7 - ped g
0°601 $°66 8°0¢ - - 8709 1661 €0lz Z1¢ 200 /
T7L0T 1°¢6 9744 9749 8°z¢ € 4y 0£6T 0697 L0¢ Pop 9
(0°86) L°201 L706 979/ - 9°G¢ 6961 1892 89T Bqe ¢

Ised &1 =Suey ‘yanog LT dIysumop, _

o

6°801 6°T0T 2'9¢ $*8¢ - 809 %61 7817 GL1 Pop 9¢
VAT 0" %11 L'68 £°89 - 8799 9961 S6L7 9/ PPP G€ V
97z0¢ 8788z - . - - L7982 0961 $96¢ 00§ 9PP € ¥
L°¢€8¢ 77 ¢9g T ete 0°62¢ - 0°gze 0661 SE0¢ z9% P29 /g :
€081 9° %91 97 ¢HT §7 671 ~ 0°9z71 L961 0£87 o€z poe g7 m
8 611 €101 9°1¢ 966 - 6°€0 ~, 6H6T 9643 0€z PPq 62 W
8°4z1 0°'80T 9716 €9/ - ARV LH6T 0SL2 BET PRq %7
T'167 8°9¢cz - - - €222 LS6T 8687 - 909 ¢7

TAu0d ‘3sey ¢ 33ueyY ‘yinog L1 driysumoy,

$961 96T 9561 0S6T 0961 y3ideg 1eax "491F EEEE: ]

\ s P1033§ 35117 JuTog ut uoT1o8g m
(®0°eIaNS punoxy “Xoadde) jUTOd FUTINSSEE W0y 3857 UT isjem oF q3dsg ‘seay yadaq :
—_— {

PPNUTIUOD-- *TIT oyqeg

ik A T e e I I N

. m, .
'ima ”

»

g 14

"
{




07191 L76%T T°0%1 8'0€1 - 7°871 8%61 8L6¢ - 22q 9¢

AR 669 AL "9y " - 8" 1Y L76T 7887 0sz qeq S¢
9°88 e 0L 8°€9 €°0S L°8¢ LT6T 1162 992 qE #¢
0°2TT 77901 8°26 7" 8 - "8 0561 0162 LLg qep /7
6°58 6L 8" 49 ' 28 0°9¢ §°97 0261 1487 S6€ 839 97
7°221 9°90T L 68 - S 0% L16T 8987 09€ Boq %7 _
A 9°LIT  0°€0T 2°88 - 0°06 6761 2687 - Q@ €z
€121 7 0T 8" (8 7°0L - 8" ¥ 6€61 7582 §TZ q9po #1
L7601 0°66 8°6L 7°8¢ 8"y 0762 8161 6287 917 oBq €T
97€TT 67€0T 9" %8 6°89 - 1796 9%6T 9282 13 Bop T1
9° %92 AL L°02z - - £'0%z 9561 6567 059 29p 0T
8°871 "ozt 6716 - N cr €8 2561 2782 F44 Q9 £
8°GET 1921 67201 0°#8 - 08 0561 €282 567 pp ez $
- 7 70T z°08 266 S* 9y 9 g L161 Y647 - °pq T

ased ¢1 28ued ‘ynog g drysumoj -

689 - 9104 - - 9°10L 9¢61 #8€E L%6 P2q €1
§785¢ L7152 89427 8°6ST - g 6z 961 9167 90¢ qpo £
9°95¢ S HeT - . - - 0°%5¢ " 0961 SL8¢T “ht Bqq 9
rANA/ - - - - 0°6¢gs 7961 00¢eE 648 9PP ¢

Iseg ¢1 =28uey ‘yanog /1 drysumol

G961 1961 9661 0S6T 06T yadaq IBRA ta9Ty 1837
px0oooy Js8atd utT UocTlo=§
yadag

(®de3ans punoid ‘xXoaddg) JuTod SUTANSESW WOIJ 190 UL io3em 03 yldsg

¢ 12t 1701 8718

e ——— oo 17 ayz PE® UL



v UL¢ - = - - - 5961 - 00% qpPP L7

£°8¢T 1°€€1 £°6T1 - - $*6TT 0661 EH0€ - qqe 77
(0°L4) - 0°9¢ . - 1°g¢ I¢6T 967 681 eeq 17
(0°z%) - 1°€€ §"0¢E - ¢'0€ 0661 7867 - Bqp 0Z

1°46 9726 - - - £°18 8661 600€ 002 Bpq /1

6°9¢ - - - €L £°0 1£61 8€62 66T PPq 91

97971 AN - - - € 90T €561 1863 - oqe TT

G 9¢ Z°19 7°28 %6 6°8¢ L€z 1661 8€6¢ - oor §
0°022 9°€12 9° 9 gm 07961 - 761 8u6T 780¢€ 02 Pqe ¢

L°98 7'08 - 8°69 7719 L°8% 1°8¢ Z161 8767 94 eqq ¢

ISed €T 9%uey ‘yinog g7 diysumor

GGt L 6L €6t - - 0"t 1667 890¢ - PPP 9€
%°¢h Z2°19 T Y - - L1y 2661 ZAAS 6% PPP Z€ _
£€°€L1 - - - - L°0LT H961 - - 999 0E 2
8°96¢ - - - - 976¢¢ %961 0gce cey PPq 87 t
(+ %971) £°86T 27281 LI - (0°%41) L9671 62T¢ $91 PP Sg
8181 6°4L1 C1LT - - L1971 1661 0€IE ce1 PPP %2
Iseqy g1 *3uey ‘yanog 6T drusumog

9°45g - - - - 87657 2961 100¢ 0S¢ Qo3 /T
8657 0°¢5e 97 %2 L%z . - (0°6€2) LYET £667 682 PEP 8
07557 0" Ly 1°4%€2 €T €7e - €612 8461 €162 0TY PPE §

8°871 § 071 6°L6 - - 0°¢8 7661 7282 582 qqq ¢

67471 1°621 - - - 6°81T 6561 8687 0%e PP3 9

Ised 41 @8uey ‘yanog gJ dtysumo],

——

8961 1961 9s61 0661 0%61 yadaq AED4 TARTH 3993
pPI1093Y 18114 Jutog ut Uuotrila=g
(9%e3ains punois "Xoidde} jutcd Butinseom Woly 13831 UT 193eM 03 ysdag *Seay gadaqg

- PSNUTIU0o-~*IIT oTqel




0°'2¢ 9°¢¢ 6°1¢ 8°82 - 1°6¢ 9%61 80 1€ 111 qpo 61

1°%€ £°g¢ - - - 0°L2 861 £60€ 081 epo 81
8¢t 9" %€ 9°1¢ %62 717 VARY/ 0%61 £L0¢ 081 opo /
£°6% 9°9% §°5Y 1°9% - 6°1% Si61 £50€ 521 oor 9
171§ 8'SY 1AAY ~ - L'TY 2561 150¢€ - °0q ¢

N 3seq ¢1 98uey ‘yanog Q7 drysumo],
566 - ~ - - L"86 7961 €61€ 0§¢ PEP §7
[ARAN - - ~ - ARAN! 6961 S61E 0%z BqD %7
Ak 8°9% Sy - - ey 2561 960€ 0T EEp €1 _
07001 - - - ~ 97101 %961 1€1€ - oqp Z1
L2762 77682 8°€8¢ - - §"6L2 €561 18Z¢€ - PoP 01
AR 74 9°6¢ - - - 9792 8561 062¢ 59 eee /
$*81 €61 - - - 1°22 8561 9€7¢ 5 qpe §
9 1L L7€81 7°0L1 - - £°181 7561 6L1¢ 0S¢ 9qq ¢ .
¢°081 §'0L1 L* 49T - - 6 HCT 9v6T - 161€ L% °qp ¢ o
(0°96T1) 2161 AL L 1°6€T - AN Ev6T Z€1€ - BqO g _

aseg 71 @38uey ‘yjnog gz driysumo]

9°%e 8°c¢ 0°ze - - L°2¢ 7561 020¢ 281 opd T¢
£°¢€s T°€S 506 §°8% - 1% 1761 050t QLT 30p 1€
g°cY 8"y 1°4¢€ L79¢ 0°2% R 6E61 10 - 992 67
8 6% 2706 LA 8°1% - 817 0561 966¢ 88 4499 87

‘juoo ‘ased ¢ 98uey ‘yianos g1 diysumog,

§961 1961 9C6T 0661 06l yadag Ieai "ASTH 3983
PIODIY dSaATd ~ jutod ut UoT31998

(®orJans punoi¥ “Xoiadde) JUTod BUTANSEDW WOXJ 3903 UE A9JEA 04 yidaQ yadeg

- - - co61 - 007 qpP LT
e c . - qqe 77
’ £%0¢
) : L'GZT - - C'oll 0g6T te
m.wmw ' MMH 0°9¢ - - 1°¢€€ 1661 1967 681 BEQ]
e O T LW — e neat o - €ap o



R G e R T T

1792 £°97 7°8¢ L°61 0° LT 6E6T o%ze - 022 Q7

- £'9%¢ B9 ¢ Z1 6'%1 6€6T AR - pee 67

£°91 - 1712 - 1°12 0661 90Z¢ - opq LT

- - - - - 9 CLY £961 ZTLE - °pq #T
879/ €8¢ L6l - - 578/ €661 - 6%2Z€ - 229 6
£ %z 6792 6°1T 687 - §°92 Lh61 00Z€ - qpo 8
1°68 8°98 %18 0°68 - 0728 L4961 HETE - ®qq /
£°901 8" (01 €401 G %01 916 916 0OH6T 8¢z¢ - B2q 9
A YA 0712 1742 ™ g9t - 047 8461 TARS cg qo2 ¢
8°18 g €8 6°2Z8 - - c'08 €561 1€Z€ - qep ¢

ised ¢1 8uey ‘yano§ 1z drysumo]

77681 B 06T - - - - 8°06T 1961 - 10€ BEP T
T°9¢1 €TLET 678ET - - 6°6¢€1 €561 81tt cee BpE £1
6°€ET 97 LET L°GET - . - 6°6¢€T €961 L6Z¢ 591 eep 71
6° %21 9°971 €821 - - g5zl £961 8%z¢ - PpE I

~52 -

3sed z1 98uey ‘yznog 1z drysumop

0°08T €181 L°6LT - - LTLLT 7561 68¢2¢ - qpq g€
AR 8'¢g 8'ge - VaRAY 1792 1°9¢ 0461 Ly1E 18 2949 7€
L°6L 7'18 z°08 Ll 0L 0L O%6T 981¢ 86 BQO ¢
0°1% 9'eh 0°2% 1°0% - 0°¢e A Te1ie CTT BqQq O€
0°6€C L°2¢T A YA - - 17822 £G6T Teee - G422 8¢
0°801 Z2'80T 27901 - - 1°901 €561 6LTE - q492 ¢¢

‘Fuod ‘3sey g1 98uey ‘yinog gz diysumol

g961 1961 9661 <6t O%61 yadag EA-EFN "aSTH 1933
PI009Y ISITd JjuTod ur UOTI938
(®oBIans punoad¥ "xXoadde) 3Jurod FUTINSESW woxI 39wy UT Isjem 03 yade(q *sesl yadaqg N

PSNUTI005-~*TIT 2TqE]




rARNAA 0°€27 €*9t2 - - "£°67T £661 £95¢ - qeq 0¥
1€l 0°L1 6" %1 ~ - G 6% WS6T LZHE - qqe ¢
€’'6 €12 9°'9 z°6¢ 1°¢T FARAS 6£61 8SHE £8 PPP 1
Ised ¢1 e8ury ‘yanosg £z driysumog
§'67 L79y ¢ ey - - 249 £C6T 2LYE - ppe of

0°'8 (A 6°11 9 ¥ 0761 0'0¢ 0€el Te%€E 06 qprp G¢g

(0°91) - 8" 11 - - ~B°8¢ zs61 1T%€ - PPE ¥ _
871 1721 0°6 €"1¢ €°11 8°91 6E6T ¢REE 18 EBE [T
8% 19 - TN 6% 0°'01 WE6T 96€¢ 0L q22 9¢
£°0T S'¢1 T1°01 L°0¢ - L°62 8%61 Hoge - PEE® 72
g'ceg [ANA} L°81 L'z¢ - S LT £761 wee W01 gpe 901
9°6¢ 71z ¢ Ve 0°9¢ - 0'6T 1761 [AARN - PPa 6
L2 76T L'8¢ AR -~ G761 081 66T 60€E - qqe g !
T1°¢% - 9°8Y - - 9°'gY 9661 - 02T pep 9 o
1782 gLz £°1¢ - - ¢ 17 €561 £1¢ce - pep ¢

ased ¢ s8uey ‘yanog zz drysumof ]

(0rze) §'6¢ B°Z€ - - 9°'2¢ 0#%61 782€ 18 29q z¢
rANA) 2797 £°07 S ¢ §°'Czt 0°11 6E61 LZE (44 qep 1€
96T g 1¢g 7' G¢E GTog ¢'9¢ 7°0¢ 0761 £9z¢E 09 qqp 0¢

(0" z#H) A - 2°9% z°9% %°G¢ 06T £92¢ ~ qeq 67

*quod ‘jsey ¢f o8uey ‘yanos 17 diysumol
GOBT 1961 9¢6T 0G6T O%6T yadaeg AEB8X Ta9Td 1997
pioooy 251id UNqutog ut U0I1595
. (®doeyans punoid ~"Xoidde) jutod BUTINSERW WOI] 1909 UT J83BA 07 yadag *SBOK yadeq

- 222 07
s - £ hz 7° 47 [ 6" %1 _ A [
w.mw cat - T°17 - 1712 0s61l 2028 =



1701 I°'11 9°01 €11 £°01 ¢'8 geeT - Y qqe g1
1'6 77’6 8°'g £°6 - 6701 96T - t4 29p £
69 A 0’9 - - 09 9961 - - PPYG 9
1seq ¢ =28uey ‘yanog 4z drysumog
S5l - - - - 881 £961 - - PPP 8
oz 89t 97 6T x, 0°62 (A 1°1¢ 6£61 - 6¢ dBp §
aseq 41 °8ury ‘yanos 4z driysumog,
L°T1 S'91 £°01 £°11 ¢°1t 0°¢€T 8E6T - L9 PPP It
1sed ¢1 s8uey ‘yanog ¢z drusumog
£°1 7 LT 9°2 261 - 87€T 6E6T - A B23q 9
(0" %1) €21 L'0T 991 - 812 6%61 - - o0 ¢
Y0z 9°02 1*02 8°81 - 0°61 96T - - Peq 0¢€
1°¢T ¢ 81 0721 - - €1z 2SeT - - pqe /L7
776t A 1°61 9°1¢€ 981 981 o6l - - q9p 9¢
0°6T '8¢ 672 02y ¥°97 ¥ 9% 06T - 6% °pg 67
0° %1 6T 9°¢1 £ ¢t 6721 6°CT oheT - - 9P ZT
6791 871 9°8 9°2z1 L°0T L°0T 0%61 - £2 Poq 61
9" %1 L°91 &9l L% S 7T 8791 6E61 - oY OBE [T
6°6 0°9 7°9 - - ¢'8 £561 - -~ p2q 91
ised 1 S8uey ‘yinog gz drysumof ,
G961 1961 9661 0%6T 061 y3daqg Ieax TARTH 1997
PI00SY 1S3T4g jurod ug U0 13998
(®0BIINS pUNOIZ ‘Xoxdde) JUrod BUTINSESW WOAT 1997 UL I9JBEH OF yadag ‘gea|] yadsqg

pPONUIuO0-~-*I1T 9IqBL

-5 -




- En\.— ’

APPENDIX B
-55~

At




% )_,..,v\.&_ﬁ \\M.J.M.HJ 1. L .‘....\WQ\%YM%;« LS it
7 Nt 7 ; > >
i mm Mﬂa__,v\mm%um W 4 ﬁm& N
i \M\... . i 3
- %
S 4 , ale £ i
& i k ./mi
N
e e o o NOWCLVH B0 M LN AMRA IR RGN ANT NOILYAHIS3Y
IIIIIIIIIIIIIIII SRIHYANNOY LNVHO ANV -
et e e e s = e AHVANAOE LSFY O TYNOILVN
o e s s et e e it e e NI ALNNOD v
SAVONTIvY .
$avoy NIVH = T8 ™
| sALD P
G 30715 NIVANMOW = o=
. S1734 G3SANN YO #O0LS '0LLSAN00 " i
v S7HAM IVILSNANI HO TVHSINNK SENTE
o STIM NOILYOIEYT e
et e e 1 i 38 e 24 e £ o 425 e 150 e SMVYLNAIHL Y JM v
st 00 YIAIY ZAHO YLNYS s/ B
e 09 T T T gy 01 NOD 3OVANNS SRS P A >
5 ety pECHUR
B vkt s .
531 e o
H P v < z i o : e
ATvIS
YNOZIHY 40 ALISHIAINND
ANTWIHYHIT ONIYI3NIONT TYHNLINDIHOY B
vis !/ -
A& LNNOO VINIG |
ALNNGO T1¥NId
ez STBA-HOILYAST3 A0V4UNS HILVA
0663 SHNOLNOO HILYMANNOUD

GO6! ONIYdS

AFTIVA ZNYO VANVS
40

NISVE NOSONL
SHNOLNOD HIALVMANNOUD




B
0 Y

I SIS
ey

a4 <

]
1{ A 4q

Z
}

T

I
A
i‘,——\

N

iy b

doy
24

&

T e e U HON YR B0 MY TN A YL O 3

NIT NOLLVAN2S2Y
SIIUVANNOS LNYHY ONY")
TNNOT LS3HO0A TYNOILYN

= 3NIT ALNNOYD

- CANAUTING

T T e uY




2218 Dulei¥liv L1t VLNVD

E.I:.....|J_1: 7 [~ ALNFIGD VWid |
“
i <
| . s 3 O ,\..,,.,..y,_. i A
’ ; A AR
— T f .ru./,
| 5 " ]
.M ~ _ %\ 5 W F =
“ ~ I\W\\ ;- ﬂ%f < ¢ ”1,. o UM/MM
“ T |y M e r_ T ‘_WMV & = WN\ & /\/9 =N
NN 3 AT o sl :
£ ﬂﬂmvl faest .\UW.Q.«»M“\\M\/M\ \{XILJ. VLLL ..'.#.r.ﬂ.#- T
i — % % LA A w7 3 xxww.frm\r/. ..m_ o ) 3
| T B T i 4B
2 : T CANSIES QN v YT
» - e 3
i - - v_.-l . N AM)M Nﬂ.-g 4 ..\. wl-—
= R e
w M/HM@% okl N7
S AT T
A7 1% F IS~ ]
il

MW N/“j-:

)«)‘
e

VY e
-

RREE
T
X

o

LA
TI7S.

SLEL

o o Y |,
ST T

SaNULNUG 5 IV MaNI O S = a

W e
T‘ \: \ . 'VN. g
A
N ;3;1%

FO : A \vﬁ . AN I - T A : I =
BN A KT T = \w@i\m\\\\

o
o]
i
.2}
0




. j x.wﬁ& | "
[ }
i s . % 7 au y ¥
‘= AU e
S %nﬁm 5
7 4 4 v b | J
F-d 095
A
v
>
P
) EER
& 0 a L W [+ ¥
O
e e e e {'NOWCLYN MO Nuva LR LLL S PN TV NOLIYAHISTY
e . SAIVONNDE LNYYS gNv
T T T e s LUYGNNOE 153104 TYNGLLYN s
— e e — ~— ZNIT ALNNOD
——  SOVONTIVY L N /4 T ] S
Savo¥ NIvK ) = < .
s3I p : .
HdOIS NIVLNNOW K 3
- 'ST3m a3snwn HO'H001S 01153 N0g e - ¥
v STI3M IWINASHANI HO IVJIDINDI ; I A
. STI3M NOILYSINY) f/ / R
T e e e S3IHYLNGIL
—_— - HIAIM ZNYUO Vinvs
e SHNOLNOD 3vauns

S3NH

! ¥ T
9 11 1

¥ T i |
2 _ D

[ [ PSRN

13
3vos

VNOZIdY 40 ALISH3AINN
INIWLHYI3A 9NIYIINIONT TYENLINDIYeY

T T T e e e NISYE 40 AUVANNOS JIVHIXOHISY

............... Olrm m e~ 3614 W03 40 s3NN
T T e e 30NVHO ON 40 3N
————— S $507 W03 40 s3NN

G961~ 1961 ONIYdS

AFTIVA ZNYD VINVS
40

NISVE NOSONL
S3ONVHD d3LVMANNOMD

o




RN
N
e

- _...L é 1
il J_/*
SN

R e

i srins R

. &f&
:}A_,.

X

L]

3 :iwﬂ

8
“v o

)

LLLELY FACTS

<
T

=
._/(\:

Stll

k)

.«"
.

4 45
3
«
Y
A,

TN

CITELL o .

[ (o .M\v N Y 3 .

5 hhﬂwuﬂ c.Wﬁ.. L.u.- —+ A .J.. ™~ N ) 421 A o .w.m 4
: LH/J . 7T .i!.rvi.uio. L dm.ﬂ\ . il it

S ofed T & SEY v * g ¥ v

x‘.»\.._r.mn.mﬁw/nf MRV N\ SR |, e oz v
V4 ﬁ -

fe

L, \ Eh Ly
T e b B ../.._ ;

o
<
—d
L
1
4
/.
Iy
4"
-
L4
Ed
lj
L4
1
L1
o
*
HE
*dq

A
T

M.
i
.@g

v
.7 T

ard g e

SR SIOCHED

o,
.
W

_;*;;;“?ﬁ S

=

\-t-_f:t e g’
> "
&

e Q

T e e e UNOWCLYH WO Mvd iva

V2T HYION) 3| NOIIVAY3S3Y
SIHYANNOSE LNVYHO gny
T T T e e AYYONNOB 1S2304 TYNOILYN




i Banby ahbt bt

398 ALNMOD ZNYD VINYS 2y

[ "AINAGD VHid ]

e o asnn

S6IL

“
m
|
%
i
_
|
_
!
]
%
;

S8EL

1

TIgS.

; :E‘},\f‘x-:-u

B
i

TI8S.

=)

A

: | 2
Q% S— <7 f Z - —

WA, -, e 4 ° _ . M L s 4 | .M....-\ mm = e
~ u”?&ﬁ.jfﬂ/gfg ¥ )\AV“/.\F _ W\o Y \n. ‘ _..‘ﬂ...lg.. :\).%k.\ w, @ﬁ .ur »M/v m W \wmﬂ\mvjf
S EEES wo ok gl : 4
| Ll e A ~

=8
7L 4

|/

=
D

NRE
3
AT
R

LV,
Feg K o Ff 3 A /
X AN AN N lE \mﬂ /“\
,ré &ﬂx : - o & /s .&w E N / ! )
S PR E e

R/%o L_MAMH) .,m ~, \% ,/,r.\mxm,/ ./r 7 f INW = m\ M\D __. ,w,”,_/ ..m\ __\e ,__ mNMk R /

BARE e - o, b~ |/ s A |
e P, 7 e e e s = S R C O YHINNRN
IO URER N LI O (IR s I s s o [ P A A NN I
3 A AL A L T A CNGEHT N
> o S ¥ ’ R lﬂ..].r‘ m ¢ — ul.. fr s,
S T e
HoF _ DR ﬁ, . et DS G Bt v 25 = - )
R Sl NG e S S BUE 1 N

SR A D "  — T - = W TR
ﬁéwﬂwfﬁw\»m T3 { S A S S N ) Ay 7 e
¥ )Wl\w \HJMW\W: ..L.u»mw/q%\ ./... ™~ ll% - ..!I_.‘:IJ. — ’ nrn).wr T .tﬁ\ﬂ\__ — ._ T

S LRGN — \ AR v%., S| v PAR
\m& w u\WW h,/aw /ﬂn_wﬁ,m D @\ : N\l ,Hﬂ./ﬁ / U_w v L_. iy ~ N
Rhﬁ.mf_z_ m\ __/.m._mw /_..,./. - m/ﬁasﬁ ¥ Nl ] J VAV R M SN ﬁ C N _Jf/

TITs.




1 s 3 Y
v i
i’ £
Ar
. 7
&
-4
A
N
— i b e s« [ HOW LYN HO XY LYN ANV WG H) mz_d NOILIYAYIS3H
IIIIIIIIIIIIIIII SHUVANNOE LNVHY ONYT)
S e SHYGNNOE 153H 04 TYNOLLYN
———— e e e e 3811 ALNNOD
SavoHTIvY
SAVOH MIYH
sam
FdOIS NIVLINNOW
S7113% QISANN HO'HO0LS DILSINOT
v STIIM WIHISNANI HO TRHDINNK
© STTAM NOILWOIHS)
e e o et et ot e e et et e eee oo SBIYVLNBIYL
R HIAI ZNYD VLINVS
T T T T T T T T T T SUNOLNDD IOVANNG
CERIL]
3 s v H | o

£
3vos

YNOZIYY 40 ALISHIAINN
INIANLEYDEA ONIYIINIOND TVEALTNDINOY

e — RISVE 30 AWVANNOE 3 VRIOHISY
.............. Ol-===n=nmem——— 3514 T¥A0T 20 SINIT
................. JONVHO ON 40 3NIA

e e e e O e e SS07 IVNDI JO SN

G961-L6l ONIYJS

AITIVA ZNYD VLNVS
40

NISV8 NOSONL
S3IONVHO Y3 LYMANNOYS

i/

[,
& %m

=
73
vN| y #

1128,

o
4

" Ew&mﬁ

Az

!




st CONTINUNRNENI IO GNEvIS S
: . i 7 :

¥
g T

——r

gt J VY
MR

raag)

oy

2 A .w
: aﬁ- 75
e INT

pd

*
- 1??{;:5111_4
I srpd

v
v

v,
v -
H ¥ 4*
oy Y S
e v v .

i
e ~ AT %

Sti'L

¢
3
{7 ol
e

M
e
3
¢
N’\:‘{"\m s

-
g
)
4
Y
LCTh TR a
S

R
9

<7 A)(?
I
N

4

T
i

i

e
7
St
]
T
4
TR
q
g 4de
I
%
[rf
M\
A

3 : i 20
//, - - . o qqum_.?eq \m A 4

// ) TR ) - V =

T 1..‘_.‘1&@;.%.” D( R &_

v vy =
b L
v \.Mc -
kd v

4
N,
'

ey

5]
~— . .
e ¥
i LY LT
TENTET
£ o e ,
x .\.\ Hz 0 s{ o m.nu. >
L 2
[ y et A e
Y = T o
v z A

v A

e N

Ll

:.;
.@wﬂv\

I.;Mal{ e UHOM YN 4D Sy YN AHYLOW avignn 3NN NOUYAHIS Y 2

— STIHYMMNAAO e




oo 390w ALNNOD ZNHO VINVS 39y 1.1.!--.!.@% S5
! [TAINACD VWId T [ ,
| . e
I mwM .
{ 5| SRS T
| 4 Mﬁ ARy
R .,» SCH .
1 5 a Y oo a . Tt g
u b .J,.._« | ; =
T g
“ W, ’ ) i o ) WWUM\ ] !
i ~— g 8y | o
“ S w,/m N VA
| s Y um“v%,qah,
| 13 M A
“ 1 . ‘g.wwm\\. %\LLAV\L Y
_ \\1“.. “sa,.. fa \n\ A ‘.\.w\ ™ A~ il .
m M R P I A 5.
i i . % S _ ! @
m M -~ % M Wﬁﬁ h T, M/NN KW\‘I« ) .
» | o . W,MU\W\, /. VWMW\ Vw/ -
i ww,m \\\: x , fwa\/@ i\ \B
| Sl
_ I\w Wi L
m £t am_b: s = N '
¥ /\
% %Mm, Nw\ \ L .h-.L\N
Shtm,&?.% v D | N ..HW..!F 4‘%1. N “\\h __
/f.m&%%%@?;.f MM\ LWM - b } L RN Y
e )x(ff&%\@v Fins A LR LN VA _.\_\w\ .
" \\x% N # __!._4,. AN 4 2
i 3 i g H Mwﬁ =
o a et b v A )| o5
M\/ / \\ AR Rt w%ﬁ&% ]
K |.n.u_...l r .W.\‘ A
\,_/.. 5 x\ . \\ d J;zlﬁ a \o\,/.ﬂm.u.l..me.‘_a
SIS LS T
\./,,WW/,«M S iTAma M A L4
xﬂuiﬁ&,m%ﬁ.ﬁu .I\ﬂm..l ° _.M._{;Tfn Ao 5 T /Muh\\ Mmu %.. 7
A \. l.hm.m.\_tmm.,d I RS 1 i[!r.r f”.i..i- li/n).ﬁ _. . 6 .U-
i = P . ._.../ .. ° ux L
\ N I _I \nM I _/x “A/: " q/mM\/ﬁﬁMo P m \\n #.
= ~ ] / // I/.u. —..‘%.,o m\,
_ M{ R O .WHT 0 g
™ = uﬂ A 4 =
A Fo— hmqﬂf 02 ogoy | w.o__
,wﬁsﬂ BN s 2] Ry
— TR TN TN i
K TN 9 {
S, s =TT TN
EER\ i s \ //.(/M . X
M MI‘/! l!,r..flr S // _/.// B ___




v s o o v g ey e i e . e s Sy e S3NUVANRDA LRVED ONYT
e e e s e s e e — Y ONMOE 153HO04 TYHOLLYN
— J— —— ~wme3NIT ALNNOD
SAvoHIIvY
SAY0H NIVW
BAa 31110
L — 3d07IS NIVINOOK
. STIIM AASAKN HO'RIOLS'ILISTROC

-

v $773M TVIYLSNANI YO TVAIDINAW
° S7T3M NOILYSIUN!

e e A ) o L e s e s SAINVLNAIEL
e e HIAIY ZNED VINYS
e SUNOLNDD 35v4HNS

8311

T ¥ 7 1
o & + z : [

£
ERlo

YNOZRY 40 ALISH3AINN
INIWLHYG3T INIYIINIONT IVENLINDINSY

SHEE S7733M NGILYATTS 3DV4ENS YoM
000 SUNOLNOD YILVMANNOHD

596! - ONIYAS
ALNNOD ZNYD VLNVS

AJTIVA ZNYD VLNVS H¥3ddn
SHNOLNOD HALVMANNOHO

U

FTUMACACOR/

AJ}'\

AL

‘\SI 7 :

TS
AN

v

2

\

K

N

bl

e

¥

T
A

A

iy,
¥

i

poe, A

(e, H
s
g

4

)7
iﬂhﬁf

S
i

)

)

i

4

e

Wy (1
-é%ii{@\

o

Zz’},}

('-,\‘5

LU 5

i

7

g}

oy

Py

4




MENT

=
o
I ] f
oo < =
w = I.‘
o O | o
o N iy J
F . %{1‘34-,7}}@
SEa ll b
H #
S:JU_ f %
we 4 s ! H
= anfl H L
- 8 Z f: W
ok it owd :
zZa jhge i
L oo ~ .: "“n I>~
._jg;f :} fm i
I3 < 0
2= |} =2 88
32 ] =¥
,_D -4 e 2 jgg
® @w2o
- 2w fary, HE-
5 gz H=ZgER j83
= =1
o SnBZ8Ea o wEC
o o -1-F I anzLk,
wEZSELE q2lod
(& gPEfEGpa OZ.ax
<T ESHSpikpulii=0
cEelzFIuzSzbg
SEE XSSz REE
mmo—EEgiaggsg‘ﬁ

o oM
"7—{ I _‘._1).._£_____~_ i
! "‘l Al 9 ;-,:, R

‘ "'afii!\\q'?\‘?ﬁ o
"‘}';:'\\\‘ -E"’:
oy
|\\ 1

D
.;_,', ,f::” (}‘ U
i )l )
1
) ()
ey AR

i

%1( A

£

: 5
by i ,:;?J ‘!v ¢

¥ .I\?:J{r.f./:j:" ‘é:é}\\‘u !
SR

B

;1

j
—_
Yo
ool
ol
o
GRUZ_GOUNTY

1A COUNTY

T a4

N N
o U S

vy,

i
- (:j o [

o
i

R, e ] .
1 T i b \
TG o S
F'; i "3!,, W Tk
z o, IS BT e
A Sl %&$ MR
YN Al IUS] A ‘\\\:“um,v.) WG F
‘\\Yh‘\\‘ ) B~ AR A |
e .L_‘\\.-\g;\(- ™
o) Y
. .,_f:,___{

CACOR



Yo

I

«F

Afog/yr

SIWVAHNOE Lwvys any

e e L UVONNOS 153809 TYNOLLYN e :“.
[T T —— ¢ e ettt g e m e e K ALRADD At I
. SAvOyTIvY (o >
SAVOH NIVIW = = [
B s3lLo 7z Q
S 3d07§ NIVLNAON 2, ©
. ST72m 0380MN YO'HA0LS 0153 NOT AL ki
v STT3M IVELSNANT HO Tvd IDINNW 7ol Q
-] STIIM HOILYSIWY: i kL
e e e e e e e et v SIIHYLNAIGL ’ mmwﬁo x
e e W3AIY Z0HS YLNYS | 2 , Sre et =
—~ T e e SUNOINOD 30VJNNG e 1 -
N o

Py e
o oy

A3

7 T i 7 T
9 [ * n . n

il

3
Fvos

AT

——
e
J !
RE
!

S
P
|

AT,
'“"rf&“ ¥
!wkﬁﬁ

\.\
e
SANTA

5
il
i

.
'S,

1

CRUZ_GOUNTY
PIMA COUNTY

VYNOZIYV 40 ALISHIAING
AIN3WINVL3IQ NI TINIONT WHNLIND Yoy

&

[izr

............ §--m—emm o —m o 3814 WN0Z 40 S3NIY
e e e e =— FONVHO ON J0 3N o
Ol ——— e — 5507 WNOE 40 saNN

S !

R
o

s

N
RS

G96! - 196| INIYJS

i

A
At

ALNNOD ZNYD iNYS T s
ATTIVA ZNYO VLNVS H3ddn o ?@ REgugae sy
SIONVHO MAIMONNOMD | sunsdintbianatc 13 1500 :

o)
ghg v
o=

A,
e




3

SCALE
HILES

UNIVERSITY oF ARIZONA

'
:

o
[N

AGRICULTURAL ENGINEERING DEPARTMENT

Ty

X ¢ g oS
A ‘\\Ilh’.'-;.'}:% ?3}:;‘ i‘i \E{.L
= R

°
a
.
ot e, st
%)

: w

H -1

w I

|I -

! GIJB

: o

; ;m

J o

;=22

OEF

U

2o m3 o

W I2gw

e> _I-.Q%

ZE Y09
5 mkor-m ™
uSEz_.‘". o
WEEOQUE g
alPdSaEg o
dabEgoR,E
u.:sz’u-lﬂzwz
Ez@ =FeS ¥
Sdxr X550k 7
PA-EESESE

i AR \\b;”vi\‘ A
(el S

TUMACACO Ry

RAILRQADS

3 ¥
I

Q @ =

T

B

T.RIE!

* HTAfNS

%, :
Ah Y En\::-"n\\¢
N

S

GA GRANMT

[ S

14 BA

k‘n , \}‘}\\\i!

- L ~v;ti\=§
e etz B
S

fifak
N
s M
T \% .
/) \
1 T23s
2

: (‘%i%w“i!'ﬁ.,'. ﬂ-l.i"*'\.f -[22.5'
i E

S
W2
A




i
LHvys d.n..a_m

e

i

1
e bR, S

i<
5t

S3VYONNOg ANVHS anyq

— ABYONNOB 1S53m0y TVNOILLYN
et T —e 3N A 20
SGVON vy
SAvOY Nivy
2] S31Ly
T 34078 Mivinnow
s §773M G3snNg uo 'M00.5'01153m0G
v 57738 WiHLS NN B IVOINA K
o STIAM KOILvotuy; -~ .
e e S3luvinany, =
——r f..l.|1rl..|:||.........lr....|.i HIAlY Znun ViNyS £ o
T T SHUNOLNOY 39wiung W_T
1=
. )
SITN
- 5|6
o H v < H i o o
30 Ofg
<=
1 el
YNOZIYY do ALISHIAING o2
._.ZmE._.maimo ONIYIaNjoNT WUNLINgIYoy 3y &l
]
............... e 3S14 W13 3o sanm
e e — 39NVHD ON 4o 3w
T Ol $807 vnbia 4o sy

S96I-.Lt 6| ONIYdS

ALNNOD znyo VINVS
AITIVA ZnyD VLNVS H3ddn

SIONVHI dAIMANNOYD | g

0 VYWid dery




LT TT T ——————  SIWYINNOE iNYYS Ny
e e e AHYONNOB 153804 TYROILYN
T e e e L L3N ALNNOG
Savouivy
50Y0Y NivH
531119
32015 HIYANNOW
STIIM 03BNNN HO*'NIOLS DILSINCA
ST13M IMRLISNANT b0 TvdI T INnw
S7I3M NOILYDIMY)
I e SIYYLINAML
HIAR ZNHD VINYS
SENOLNOD A0WJung

T e e 4 s s S5 e+ P

531N

4
Ivos

j

VYNOZIYVY 40 ALISHIAINN

Ny
A

A

W

4

&
3
i

TUMAGCACO R

o

Z COUNTY

Me. GOUNTY



